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"Attraction is a power which is sweeping through eternity, a living
stream of relative action in which the basic principle is ever active;
it embraces the past and carries it forward into the ever widening
future; a movement where relative action, cause, and effect go hand
in hand; where law dovetails into law."
C. F. Haanel (1922)
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INTRODUCTION

From its Inception, the experimental analysis of behavior has
sought to establish a firm empirical, foundation, in contrast to
other psychological movements which are primarily hypotheticodeductive in nature and which have relied on case histories and
verbal reports as the source of information on which to base elabo
rate theories of beiiavior and the nature of man.

In order to

achieve the goal of an empirical analysis, functional relations
must be demonstrated between events and situations in the environ
ment and observable characteristics of behavior, rather than in
ferring the existance of psychological mechanisms, or invoking in
tervening variables which are not subject to experimental disproof.
A critical step in the evolution of any science is the identifica
tion of appropriate methods and a relevant dependent variable which
shows orderly changes as other variables which are presumed to have
a causal relationship are independently manipulated.

So it has

been in experimental psychology, especially with respect to the
strength of behavior engendered by processes of conditioning or
learning.
Early attempts at quantifying lawful processes of behavior were
seen in Sherrington's work on reflex physiology and Pavlov's demon
strations of conditional reflexes.

Stimuli were found to evoke

reflexive reactions whose properties were directly related to the
intensity of the stimulus.

Skinner (1938) referred to the latency.
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magnitude, after-discharge, threshold, etc., as "static properties"
of the reflex.

These same measures found their way into his Laws

of Conditioning of Type S, which describe respondent or classical
conditioning.
The notion of response strength, which was implicit in
Thorndike's statement of the Law of Effect, was also incorporated
into Skinner's Laws of Conditioning of Type R, or operant condition
ing as it has come to be known.

Initially, Skinner saw the effect

of reinforcement as contributing to a "reflex reserve", although
this characteristization was dropped around 1950.

However, response

strength is still an important concept in the analysis of behavior,
and is assumed to be related to properties of reinforcement, which
are often referred to as the value or efficacy of reinforcement.
The basic problem is still to find an appropriate measure of re
sponse strength, which can be used to quantify the value of rein
forcing operations.
Skinner's choice as the basic datum of a science of behavior
has been the rate of occurrence of an operant response through time.
Response rate, in many cases, has proven to be a reliable datum
which shows orderly variation with such fundamental properties of
reinforcement as the frequency, immediacy, and magnitude of the
reinforcing stimulus.

Recently, however, response rate has been

criticized by Silberberg (1976) on several grounds,

labile acknow

ledging the success of response rate as a valid index of response
strength in many situations, Silberberg points out its problems with
more sophisticated procedures.

Rate, unlike schedule parameters, is
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discontinuous, and overall rate is often the average of qualitative
ly different response modes, such as pausing followed by periods of
continuous responding.

Although behavior analysts generally find

averaged measures distasteful when applied to group experiments, we
are less likely to recognize that molar measures applied to indivi
dual organisms can also distort the true picture of behavior.

An

other problem is that rate is itself a conditionable dimension of
behavior.

Response rate cannot be viewed as a valid measure of the

strength of performances that are maintained by drl schedules, for
instance.
A variety of procedures have been employed to assess response
strength using different kinds of measures as the index of strength.
As a sort of gross taxonomy, these procedures can be classified as
either obstruction techniques or choice procedures.

The rationale

behind obstruction techniques is simply that strength of responding
is reflected in the persistance of behavior in the presence of en
vironmental obstacles.

An early example of this kind of procedure

was the Columbia obstruction technique of Warden and Jenkins in which
rats running down a runway had to cross an electrified grid.

The

intensity of shock tolerated or the number of times the animals
would cross the grid were used as measures of the motivation to
reach the goal box.
Progressive ratio schedules are a type of obstruction technique
which take advantage of the phenomenon of "ratio strain" in which
well-defined fixed-ratio performances are disrupted when the response
requirements become too great.

In a progressive ratio design, the
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response requirement is incremented periodically, until a "breaking
point" is reached and the subject does not complete the next ratio.
In variants of this procedure, the ratio is incremented arithmeti
cally (a constant is added to the previous ratio) or geometrically
(the previous ratio is multiplied by a constant to produce the next
requirement).

Hodos (1961), using sweetened condensed milk as the

reinforcer for lever-pressing in rats, employed the arithmetic method
of progression, while many drug self-administrâtion studies (for
instance, Yanagita, 1973) have used a geometric progression, typi
cally doubling the previous ratio (see Stephens, 1980, for a more
complete discussion of the use of this procedure in drug self
administration experiments).

Some studies have increased the ratio

after each reinforcement, as did Hodos and Kalman (1 9 6 3 ), while other
studies, like that of Brady, Griffiths and Winger (1975), have
incremented the ratio requirement only after several sessions.

IVhile

the progressive ratio schedules technique seems to promise the
ability to rank-order reinforcers as to their value or efficacy,
its successes have been mixed.

A study by Uzunoz (1979) points out

the critical importance of the method of incrementation in deter
mining the breaking point.

This and other parameters need to be

examined further.
Related to the preceding types of obstruction technique is
Nevin's suggestion that resistance to response-weakening operations
is the appropriate measure of response strength.

In a series of

experiments using multiple schedules, Nevin (1974) examined rela
tive decreases in responding when response-independent food was
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presented and during extinction.

On the basis of relative resistance

to these operations, Nevin was able to rank-order the strength of
performances maintained by different frequencies of reinforcement,
as well as different magnitudes and different immediacies of rein
forcement.

This approach is promising, but as Snapper (1979) has

pointed out, it involves an assumption that equal decrements in the
ratio of response rates under two schedules of reinforcement neces
sarily reflect equal decreases in response strength.
Another approach to assessing response strength is to measure
the distribution of behavior in a choice situation.
ways of doing this:

There are two

the concurrent schedules or concurrent chain

schedules design and discrete trial choice procedures.

Many studies

over the past years have employed concurrent schedules with variableinterval components.

In this situation, animals tend to allocate

their responses and the time spent responding in a manner that
closely approximates the relative frequency of reinforcement for
the two alternatives (Herrnstein, 1961).

The matching relationship

has also been seen with other variables that would seem intuitively
to influence the value of the alternatives, such as magnitude of rein
forcement (Brownstein, 1971; Catania, 1963), immediacy of reinforce
ment (Chung and Herrnstein, 1967), type of reinforcement (Hollard
and Davison, 1971), and negative reinforcement (Baum, 1973).

The

relationship is so ubiquitous that Herrnstein (1970, 1974) and
others have proposed the Matching Law as a general principle of
behavior.

deVilliers (1977) has shown an impressive number of sit

uations whose data are accounted for by equations derived from the
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Matching Law.

Other researchers have not been so enthusiastic, as

several lines of criticism have challenged the validity of the theo
retical Matching Law.

The matching relationship depends on certain

procedural parameters, chiefly the independence of the variableinterval schedules and an appropriate change-over delay (COD) to pre
vent the development of indiscriminate switching between the alter
natives.

Within the change-over delay, matching is not seen, and

overall responding tends to "overmatch" if the COD data are excluded
(Silberberg and Fantino, 1970).

Myers and Myers (1977) re-evaluated

much of the data supposedly supporting the matching relationship
and found that undermatching is a more accurate description; in fact,
a curvilinear model fit the data more closely than the linear regres
sion predicted by the Matching Law.

Silberberg, Hamilton, Ziriax

and Casey (1978) showed a microstructure of choice in concurrent
schedules that is not predicted by the Matching Law.

Animals tended

to persevere te on one alternative, such that there were definite
sequential dependencies in the data.
which matching is not the rule at all.

There are some procedures in
For instance, Herrnstein

(1964) found that animals working on concurrent fixed-ratio schedules
"maximize", that is, emit almost all responses on the lever that has
the lower response requirement.

In summary, there is considerable

question that anything approaching a basic psychological principle
is implied from data generated in the concurrent schedules paradigm.
The discrete trial choice method is exemplified by a set of
experiments performed by Johanson.

The procedure basically consists

of two sampling periods and a choice period.

In a study by Johanson
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(1971), a discrimination stimulus was associated with each of two
doses of cocaine.

In the first sampling period, one of the stimuli

appeared over one of the two available levers.

Five responses on

this lever produced a certain dose of cocaine, while responses to
the unlit lever were ineffective.

After the drug infusion, the same

color stimulus light appeared above the other lever signaling the
location of the next sampling trial.

The position of the light al

ternated until five sampling trials were completed and then there
was a 30-minute timeout period.

Following the timeout, there was

a second sampling period in which a different stimulus was associated
with a different doses of cocaine.

After the five sampling trials in

this second period, there was another timeout followed by a block of
choice trials.

On each choice trial, both of the stimuli were pre

sented above the two levers, but the position of the lights was ran
domized from trial to trial, so the subject had to track the position
of the different colored lights in order to choose the preferred
dose of cocaine.

The subject had to emit five responses on one of

the levers for reinforcement to be delivered.

When the choice was

between .1 mg/kg cocaine and .5 mg/kg cocaine, there was almost ex
clusive preference for the larger of the two doses.

The procedure

has not only been used to compare different doses of the same drug,
but also to compare cocaine and methylphenidate (Johanson and Schuster,
1975) and cocaine and diethylpropion (Johanson and Schuster, 1977).
In both of these comparisons, cocaine was reliably preferred.

In

all cases, the results represent a type of maximizing similar to
that seen with concurrent fixed-ratio schedules, with exclusive
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preference for one alternative or the other as the general rule,
rather than the graded preferences seen with concurrent variableinterval schedules.
Johanson (1975) investigated several variables that can influ
ence preference in this procedure:
ment, and the response requirement.

delay of reinforcement, punish
The response requirement experi

ment is particularly interesting, since it combines elements of an
obstruction procedure with the features of a discrete trial choice
procedure.

The ratio for one alternative remained constant at 5,

but the requirement was periodically incremented by 5 for the other.
It was hypothesized that as the response requirement became too great
for the higher dose, preference would reverse and the lower dose
would be preferred.

It was further hypothesized that the difference

in ratios required for preference reversal would be related to the
difference between doses.

Data from this experiment were incomplete

at the time of publication, and inconclusive because of inter-subject
differences.

While data from two of the four monkeys seemed to sup

port the hypotheses, the data from the other two did not.
This procedure seems to have potential to investigate the psycho
physics of reinforcement, since like many psychophysical procedures,
there are discrete points at which responding changes from one mode
to another.

If the characteristics of behavior in this procedure

can be examined further, there is the promise that very useful terras
borrowed from psychophysics, such as "threshold" and "just noticeable
difference", can be applied to the scaling of reinforcement value.
The present study was designed to carefully examine choice proportions
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in a similar procedure, as the performance changed from exclusive
preference for one alternative to indifference, and finally to ex
clusive preference for the other alternative, as one of the response
requirements was very gradually increased.

Although the procedure

is similar to that used by Johanson, several differences are note
worthy.

Rats were used as subjects instead of monkeys, and a non

drug reinforcer, water, maintained responding.

Sampling trials were

interspersed throughout the session instead of occurring in a block
at the beginning of the session.

The position of each alternative

was fixed rather than randomly alternating between the two levers,
as this was a simpler discrimination to train.

The ratio was incre

mented by one or two, instead of five, and then only after a rigor
ous criterion for stability had been met.

Some subjects received

equal amounts of water for responding on the two levers, but for
others, there was twice or three times as much water available for
responding on one of the levers as the other.

In addition, a large

amount of data was collected and stored with the computer in hopes
that a fine-grain analysis of behavior during transition periods
would reveal more about the structure of choice in this situation.
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Subjects

Fifteen male albino rats serves as subjects.

The rats were ap

proximately 90 days old when obtained from the Upjohn Company of
Kalamazoo, and were experimentally naive at the beginning of the
study.

Subjects were kept in individual cages with free access to

Purina Lab Chow.

They were maintained at approximately 85% of their

free-feeding weight by restricting access to water to 10 to 20 minutes
per day.

Multiple vitamins were occasionally added to the water as

a dietary supplement.

Apparatus

Five identical experimental chambers were used.

The interior

dimensions of each chamber were 20 cm long, 13 cm wide, and 15 cm
high.

The walls and ceilings were constructed of Plexiglas with al

uminum sheets as the interior wall surfaces.
cm in diameter,

were

prise the floor of the chamber.
lected feces and urine.
serve as a door.

Four tubular rods, 1.9

spaced 3.8 cm apart (center-to-center) to com
A metal tray below the grids col

The front wall of the chamber was hinged to

The left wall was featureless.

The back wall had

a circular cut-out in the sheet metal, exposing a stimulus light
which was not used in this experiment.

Mounted behind the back wall

was a Sonalert Model SC 628 auditory stimulus source which could
deliver one of four intensities of a 2900-Hz tone by selecting
10
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different combinations of resistors.

A houselight, mounted behind

and below the chamber, provided indirect illumination of the chamber.
The right wall contained the main stimuli and manipulanda used in
these experiments.

Approximately midway between the sides of this

wall, and 2.54 cm above the grid floor, was a circular hole (2.54
cm in diameter) through both the sheet metal and Plexiglas.

Occa

sionally, when an external dipper apparatus was operated, the subject
had access through this hole to a drop of water at the end of the
dipper arm.

About 9 cm above the grid floor were two other holes

similar to the dipper hole.
and about 6 cm apart.

They were both 2.54 cm in diameter,

Flat levers (Compound Rodent Lever Model

121-05 from BRS/LVE) could be inserted through these holes; otherwise,
the holes were covered by a flat plate.

The levers were designed to

operate a microswitch when a doimward force of 20 grams was applied.
Above the lever holes, 3.8 cm and 12.5 cm above the grid floor, were
two smaller cut-outs in the sheet metal only.

These holes, which

were 1.85 cm in diameter and 5 cm apart, provided a view of two
independently-operated stimulus lights covered with amber lens

Programming of experimental conditions and recording of data
was controlled by a Digital Equipment Corporation PDP 8/e computer.
The controlling software, SuperSKED (Snapper and Inglis, 1979),
allowed for programming and data analysis while experimentation was
in progress.

The computer was located in a room adjacent to the

computer via an interface provided by State Systems, Inc. of
Kalamazoo, Michigan.
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Procedure

Initial training.

Subjects were initially dipper-trained on a

program that presented response-independent water every 90 seconds.
As the dipper arm dropped into the water reservoir and for 4 seconds
afterward (5 seconds total), a tone came on.

Only the right-hand

lever was present during this training, and the light above it was
normally lit, except during the 5-second reinforcement time.

If

lever-presses occurred, they also produced reinforcement, and if 10
responses occurred between non-contingent deliveries of water, the
remainder of the reinforcers in the session were made responsecontingent.

Sessions terminated after 100 water presentations.

For those subjects that did not acquire lever-pressing with
in 4 sessions under the dipper-training procedure, another program
without the non-contingent water was used, and lever-pressing was
shaped by the method of successive approximations.

I'/hen responding

was acquired, another program was instituted that was identical in
every way to the preceding response-contingent procedure except for
the manner in which the dipper was presented.

Previously, the dipper

was normally in the "up" position, and after it briefly dropped into
the reservoir and came back up with a drop of water, it remained up
so that the subject had access to the water until the next dipper
operation.

Now, to enforce short latencies to lick, the dipper was

normally down and came up only for the 5 seconds in which the tone
was present and the lever light was off.

Mien satisfactory per

formance was acquired under these preceding steps, the number of
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responses required for reinforcement was increased from 1 to 3 within
the same session.

Two subsequent sessions were run with the fixed-

ratio set at 3 (FR 3).

The first and second responses in the ratio

caused a brief (0.5 second) "blip" of the tone as response feed-

Trial training,

llhen FR 3 performance had stabilized, as demon

strated by short inter-response times and short post-reinforcement
latencies to the first response of the next ratio, trial training
was begun.

An inter-trial-interval (ITI) and a limited-bold contin

gency were introduced.

Initially, the ITI was very short and amounted

to only a few seconds in which the houselight was turned off and the
chamber was darkened, but the ITI was gradually lengthened to 30
seconds.

The ITI occurred after the 5-second reinforcement interval

or if 2 minutes elapsed without responding.

During trial training,

the left lever and right lever were present on alternate days, but
still only one lever was present at a time.

Several sessions were

conducted with each lever.
In the final phase of training, both levers were in the chamber
at the same time.
activated.

However, on any given trial, only one lever was

A light came on above the appropriate lever at the begin

ning of a trial.

Responses to this lever produced auditory response

feedback, and eventually, reinforcement after a required number of
responses were emitted.
but were recorded.

Responses on the wrong lever had no effect

If the left lever was randomly assigned on a

trial, the light above the lever flashed on and off at the rate of
5 cycles/second during the trial.

Wlien reinforcement was delivered
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for responding on this lever, a tone beeped
rate of 5 cycles/second.

on and off, also at the

If the right lever was assigned on a trial,

a constant (non-flashing) light came on above this lever.

Reinforce

ment for this lever was accompanied by a tone that was constantly
on (non-beeping)

for

5 seconds.

Since the response requirements in the first experimental condi
tions were to be unequal, the same requirements (e.g., 2 responses on
the left, and 5 responses on the right) were used in this last part
of training.

For those groups that were to have unequal amounts of

reinforcement in the experiment, these values were used in the last
phase of training.

This type of trial in which only one alternative

was available on any trial will be called a "single-alternative
trial".

Figure 1 is a state diagram (see Snapper, Stephens, Cobez

and van Haaren, 1976) of a single-alternative trial.

This diagram

depicts the sequence of trials in a training session, in which the
position of each trial is randomized following the VT 30" ITI.

FR 2

was in effect on the left lever, and FR 5 was the schedule for the
right lever.

The portion of the state diagram that controls the

flashing of the left light has been omitted, as are all other rou
tines that appeared in the actual SKED program to handle subfunctions
of the procedure.

The program to control the last training phase

presented a total of 50 forced exposure trials that randomly alter
nated during the session.
Final trial procedure.

Two levers were also present during the

experimental phase of the study.

The experimental session was di

vided into 10 blocks of 5 trials each.

Within each block, the
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Figure 1.

State diagram illustrating the procedure on single
alternative trials. Left and right trials can be
selected randomly as in the present figure, or in an
alternating sequence as was incorporated in the final
trial procedure. Subprocesses, such as the flashing
of the left light or the beeping of the tone, have not
been detailed here.
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first 4 trials were single-alternative trials in which only one light
was lit and one lever was active.

The position of the active lever

on the first of these trials was randomly assigned, with the posi
tion alternating on the next 3 trials.

Responses on the inactive

lever were recorded, but provided no response feedback and had no
other effect.
on.

The fifth trial was a choice trial, with both lights

\lhen one response was made, that lever was considered to be

chosen and the opposite light was turned off and its lever was in
activated.

The remainder of the ratio on the chosen lever was re

quired to be completed within the 2-min limited hold period, unless
the 2 min expired once a "ratio run" had already begun, in which case
the subject could complete the ratio as long as no pauses longer
than 2 seconds occurred.
sion.

There were 10 choice trials within a ses

The ITI was now an average of 30 sec long, with the indivi

dual intervals chosen without replacement from a list generated
by the formula of Catania and Reynolds (1968).

If responding oc

curred in the final 5 sec of the ITI, the ITI timer was reset at 5
sec.

Figure 2 is a state diagram of a single choice trial.

No

attempt is made to depict the sequence of trials in this figure.
This figure is similar to Figure 1; the main difference occurs after
the ITI when both levers are lit.

The first response of the trial

determines which lever light will remain on (or flash) and which
lever will remain active.
The right lever was considered the "constant" lever, since the
ratio was always FR 5.

The left lever was the "variable" lever, and

initially the ratio was set at 2 for this lever.

This ratio was
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Figure 2.

State diagram illustrating the choice trial procedure.
Following the ITI after the fourth single-alternative
trial, both lights are illuminated until one of the levers
is pressed. The light stays on above the chosen lever,
but the other lever is darkened.
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changed from session to session, but remained the same within a
session.

For all subjects, the left lever was almost exclusively

chosen when its ratio was 2 vs. the constant ratio of 5.

The ratio

was incremented by 1 whenever a stability criterion was satisfied,
until preference shifted to exclusive preference for the right lever.
Exclusive preference was defined as a choice proportion of .9 or
greater for either side (greater than .9 or less than .1 proportion
of choices for the "variable side").

Following the preference re

versal, the ratio was decreased by 1 until the left lever was again
chosen exclusively, and then a final series of ratios increased the
ratio until preference again reversed to the right side.
Stability criterion.

The ratio for the variable lever was

changed after one session if there was exclusive preference for
either side.

Otherwise, more sessions were conducted at this ratio

value until there was no increasing or decreasing trend in the choice
proportions and all choice trials in the last session were completed.
Amount of reinforcement.
three groups.

The fifteen subjects were divided into

Group 1 received equal amounts of water for the left

and right alternatives.

Group 2, however, received twice as much ac

cess time to water (10 sec) on the left alternative as on the right.
Group 3 received three times as much water (15 sec access) on the
left side as on the right option.

The purpose of the latter two

groups was to examine the effects of a biasing parameter, amount of
reinforcement, on the threshold for preference reversal, and also
on the difference between ratios required for complete reversal of
preference.
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21
Group 1 data are being presented by Charles Lowe as a Masters
Thesis and will be more completely described there.

Tpical perfor

mances for Group 1 will be presented here as the basis for compari
son with data from Groups 2 and 3,
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RESULTS

The dependent variables of interest in these experiments were
choice proportion (relative to the "variable" lever), latencies
to the first response of a trial, and sequential dependencies for
choice trials.

The number of trials in which the 2-min limited-

hold timed out without a response was also interesting for certain
animals.

Table I depicts the sequence of trials and their latencies

for a typical session in which there was no exclusive preference.
These data are from a session conducted with Subject 41 from Group
2 in which the constant ratio was FR 5 on the right lever and the
variable ratio was FR 4 on the left lever.
represents a block of 5 trials.

Each row of latencies

The first trial is randomly as

signed to left or right, and the next three trials alternate.
fifth trial is a choice trial.

The

The proportion of choices for the

variable lever on this day was .6.

Table II depicts a later ses

sion with the same subject in which the variable ratio has been
decreased to FR 3 and exclusive preference for the variable (left)
lever has developed.
Because of the large number of sessions conducted and the vary
ing number of sessions at each ratio value, most of the choice pro
portion data will be presented as averages of the last two sessions
within a ratio condition, or as the single session proportion for
conditions in which there was exclusive preference, and hence, only
one session conducted.

The latency data for single-alternative

trials also reflect the number of trials that timed-out without a
22
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Table I.

Sequence of latencies and other performance information
during a 50-trial session for Subject 41. Preference on
this day (July 29, 1979) was non-exclusive.
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Date
7/29/79
Subject 41 Group 2
Constant Ratio = 5 (Right Lever)
Variable Ratio = 4 (Left Lever)
Decreasing Ratio Series

Latencies (in sec)
Single-Alternative Trials

Choice Trial

7.7
Right

1.5
Left

1.8
Right

1.9
Left

1.2
Right Choice

1.7
Right

3.5
Left

4.8
Right

2.3
Left

1.4
Left Choice

2.6
Left

1.9
Right

1,6
Left

1.8
Right

2.1
Right Choice

3.3
Left

1.3
Right

1.9
Left

2.6
Right

4.3
Left Choice

4.1
Right

1.5
Left

3.9
Right

3.8
Left

1.5
Left Choice

1.7
Left

2.0
Right

1.6
Left

1.2
Right

3.2
Left Choice

2.1
Left

3.3
Right

2.2
Left

6.2
Right

1.0
Right Choice

1.8
Left

2.6
Right

1.5
Left

1.7
Right

3.8
Left Choice

1.9
Right

2.1
Left

2.5
Right

7.5
Left

2.1
Left Choice

1.1
Right

1.8
Left

7.3
Right

3.3
Left

1.7
Right Choice

Proportion of Choices for Variable (Left) Lever = .6
2.48
Average Latency Left Single-Alternative Trial
Average Latency Right Single-Alternative Trial = 3.07
2.72
Average Latency Left Choice Trial
Average Latency Right Choice Trial
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Table II.

Sequence of latencies and other performance information
during a 50-trial session for Subject 41. Preference on
this day (August 5, 1979) was exclusive for the left lever.
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Date 8/5/79
Subject 41 Group 2
Constant Ratio = 5 (Right Lever)
Variable Ratio = 3 (Left Lever)
Decreasing Ratio Series

Latencies (in sec)
Choice Trial

Single-Alternative Trials
61.7
Right

3.9
Left

3.5
Right

5.0
Left

4.1
Left Choice

3.2
Left

2.3
Right

1.3
Left

7.8
Right

2.1
Left Choice

4.3
Right

2.5
Left

4.4
Right

1.4
Left

1.2
Left Choice

3,8
Left

4.5
Right

3.1
Left

4.2
Right

1.3
Left Choice

5.2
Right

1.2
Left

2.2
Right

1.6
Left

2.7
Left Choice

1.3
Left

3.4
Right

1.3
Left

2.8
Right

1.5
Left Choice

2.2
Right

2.5
Left

1.9
Right

2.4
Left

1.7
Left Choice

1.4
Left

4.6
Right

1.6
Left

5.9
Right

2.2
Left Choice

2.7
Left

3.7
Right

1.1
Left

2.5
Right

1.4
Left Choice

5.0
Right

1.5
Left

3.9
Right

2.5
Left

3.3
Left Choice

Proportion of Choices for Variable (Left) Lever
Average Latency Left Single-Alternative Trial
Average Latency Right Single-Alternative Trial
Average Latency Left Choice Trial

=
=
=
=

1.0
2.26
6.73
2.15
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response.

On these trials, a latency of 120 sec was recorded.

Group 1

Reinforcement conditions for the variable and constant alterna
tives were equal for the subjects in Group 1, at one 5-sec water
delivery for either alternative.

Figure 3 shows choice proportion

averages for Subject 262 during the first phase of the experiment in
which the constant ratio was FR 5.

As can be seen, exclusive prefer

ence for the variable lever was the rule until the variable ratio
reached FR 5.

As the variable requirement increased, the proportion

of choices for the variable alternative steadily decreased, until the
first preference reversal was complete at FR 11.

In the decreasing

series, exclusive preference for the constant lever lasts until FR
8, with a rapid transition back to preference for the variable lever
that is complete by FR 3.

In the second ascending series, there is

exclusive preference (choice proportion of .9 or above) for the vari
able lever until FR 10, and then a final preference reversal occurs
by FR 13.

Figure 4 shows individual session choice proportions

which are summarized in a segment of Figure 3.

Notice that the ratio

increased until FR 13 when the descending series started.
Figure 5 presents the mean latency to the first response on
single-alternative trials for the same subject, 262.

In general,

latencies on variable (left) trials were shorter until about the
point at which Figure 3 indicates a preference reversal.

In the

descending series, latencies on variable ratio trials are slightly
longer than constant ratio latencies until FR 5, at which point they
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Figure 3.

Proportion of choices for the variable lever, for Subject
262 of Group 1. Equal amounts of water reinforcement were
assigned for the two alternatives. Each point may repre
sent an average of the last two days of stable data from
each ratio value, or may be from a single session, if
preference was exclusive. Figure reproduced from Lowe
(1980).
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Figure 4.

Proportion of choices for the variable lever, for Subject
262 of Group 1. Choice proportions are for single sessions,
illustrating session-by-session data that have been pre
sented as averages in a segment of Figure 3. Figure
reproduced from Lowe (1980).
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Figure 5.

Average latency to the first response of single-alternative
trials as a function of the ratio for the variable lever
for Subject 262. Open circles represent latencies for the
constant (right) lever, and closed circles represent la
tencies for the variable (left) lever. Figure reproduced
from Lowe (1980).
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are considerably shorter.

In the second ascending series, variable

ratio latencies remain shorter until FR 13, when the preference re
versal is complete.
Figure 6 presents latencies on choice trials for Subject 262.
Once again, as the variable ratio increased, latencies on the vari
able lever were shorter, but they lengthened at FR 10, when choice
proportions showed a preference reversal.

There are no data points

plotted at ratio values at which there were no choices for one of
the alternatives; for instance, at FR 11 there were no choices for
the variable (left) lever.

The relationship between choice latency

and choice proportion is less clear in the descending series and
second ascending series of this graph than in the initial ascending

Figure 7 shows the number of single-alternative trials that
timed-out as a function of the ratio for the left (variable) lever
for Subject 262.
of a ratio value.
35.

Each point is an average for the last two sessions
The number is small until the ratio approaches

At this point, more trials timed-out for the left trials than

for the right (constant FR 10) trials.

This trend continued for

the sessions that were conducted in the descending series.

Figure

8 is a graph of the number of choice trials that timed-out for the
same subject.
creased.

Again, the number increased as the variable ratio in

This proved to be a problem with this subject as the cri

terion for ratio change specified that all choices must be made on
the last session before a stable condition.

This subject was the

only one in Group 1 that missed a significant number of trials.
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Figure 6.

Average latency to the choice response as a function of
the ratio for the variable lever for Subject 262. Open
circles represent latencies for the constant (right)
lever, and closed circles represent latencies for the
variable (left) lever. Figure reproduced from Lowe
(1980).
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Figure 7.

Average number of single-alternative trials that timedout without a response for Subject 262, in Condition 2
in which the constant ratio was FR 10. Closed circles re
present the number of trials per session for the variable
(left) lever, and open circles represent the number for
the constant (right) lever. Figure reproduced from Lowe
(1980).
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Figure 8.

Average number of choice trials that timed-out without a
response for Subject 262 in Condition 2 in which the con
stant ratio was FR 10. Figure reproduced from Lowe (1980).
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A more complete presentation of the data from Group 1 will be
included in Charles Lowe’s Masters Thesis.

The variable ratio alternative was weighted, or biased, for
Group 2 by arranging two successive dipper deliveries for responding
to this (left) lever y_s. only one dipper presentation for the con
stant (right) lever.
Figure 9 is the summary choice proportion graph for Subject 41;
Figure 10 is the individual session choice proportions which are
summarized by the descending segment of Figure 9.

Because of the

drop in choice proportions at FR 6 and the subsequent recovery of
exclusive preference at FR 8, it is difficult to precisely define
the beginning of the preference reversal.

However, by FR 9, the

subject had developed an exclusive preference for the constant lever.
As the variable ratio is lowered, the subject becomes indifferent
at FR 7, and does not complete the preference reversal until FR 3.
The second ascending series involves a much slower development of
preference reversal; the transition lasts from FR 4 to FR 15.
Figure 11 is the choice proportion summary for Subject 268.
Only the ascending series was completed for this animal, due to the
prolonged transition period.

Exclusive preference for the variable

lever was maintained until FR 10.

Choice proportions then drop to

.75 before coming back up to 1.0 at FR 14.

A slight preference for

the constant lever is the rule from FR 16 to FR 33.

It is possible

that this represents a position bias for the right lever at a time
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Figure 9.

The average choice proportion for the variable (left)
lever as a function of its ratio value for Subject
41 in Group 2. Two units of water were delivered for
responses on the variable lever vs. one unit for the
constant lever.
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Figure 10.

Individual session choice proportions for Subject 41.
Data were combined to form a segment of Figure 9.
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Figure 11.

The average choice proportion for the variable (left)
lever as a function of its ratio value for Subject 268
in Group 2. Two units of water were delivered for re
sponses on the variable lever vs. one unit for the con
stant lever.
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when there is indifference to the FR contingencies.

Alternatively,

it could be that the biasing effect of the increased reinforcement
for the variable lever has interfered with the normal development
of exclusive preference for the constant lever.
The choice proportion data for Subject 269 are summarized in
Figure 12.

Exclusive preference was maintained as the variable ratio

was increased to FR 22.
until FR 31.

The preference reversal was not complete

At the beginning of the descending series, the propor

tion of choices for the variable lever jumped to .8, but then de
creased again.

Another increase to .8 as the ratio decreased to

FR 22 proved to be temporary, and the reversal was not complete until
FR 12.
Figure 13 summarizes choice proportions for Subject 270.

The

preference reversal for the first ascending series begins at FR 16
and continues to FR 28.

In the descending series, it is difficult

to define the limits of the transition from exclusive preference for
the constant lever to exclusive preference for

the variable lever,

because of a transient

increase at FR 27 and a decrease at FR 17.

In the final ascending

series, the transition occurs rapidly between

FR 22 and FR 24.
The starting point of the preference reversal for Subject 20,
summarized in Figure 14, is difficult to assign precisely because
of a transient decrease at FR 20.
FR 32.

The transition is complete at

The descending reversal lasts from about FR 30 to FR 11,

before it is complete.
Latency data from single-alternative trials for Subject 41 are
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Figure 12.

The average choice proportion for the variable (left)
lever as a function of its ratio value for Subject 269
in Group 2. Two units of water were delivered for re
sponses on the variable lever vs. one unit for the con
stant lever.
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Figure 13.

The average choice proportion for the variable (left)
lever as a function of its ratio value for Subject 270
in Group 2. Two units of water were delivered for re
sponses on the variable lever vs. one unit for the con
stant lever.
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ASC.

Figure 14.

The average choice proportion for the variable (left)
lever as a function of its ratio value for Subject 20
in Group 2. Two units of water were delivered for re
sponses on the variable lever vs. one unit for the con
stant lever.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

SUBJECT 20
GROUP

2

CO NS TA NT

>

1.0

V A R . RFMTS = 2
RATIO

=

CONS. RFMTS.

5

ASC EN DING

DESCENDING

QC
O
U_

§
O
z
Q

£

2
2
2 3 19 2021 22 23 24 25 26 27 28 29 30 31 32 33 34

33 3231 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 1

RATIO ON VARIABLE LEVER

presented in Figure 15.

Latencies for variable ratio trials are

clearly shorter than for constant ratio trials, up to FR 9, at which
point there was a sudden shift in the latency that corresponds to
the preference reversal shown for this subject in Figure 9.

In the

descending series, latencies for the variable lever are longer than
for the constant lever, until there is a reversal that also cor
relates well with the choice proportions shown in Figure 9.

In the

final ascending series for this subject, the short latencies for the
variable side increase as the latencies for the constant lever de
crease.

The two measures cross at the point that a slight preference

for the constant alternative is seen in Figure 9, and finally the
variable lever latencies lengthen to a mean of 4 sec, while the la
tencies for the constant lever are around 2 sec.
Figure 16 shows latencies on choice trials for this same subject.
Subject 41.

A similar pattern is seen with choice latencies as with

single-alternative latencies, but with somewhat greater variability.
Choice latencies for the variable alternative increase between FR 7
and FR 9, at which point there is an exclusive preference for the
constant alternative.

It appears that choice latencies for the

variable alternative are shorter than those for the constant alter
native in the descending series, even at points where Figure 9 shows
a higher choice proportion for the constant lever.

Also, latencies

for the constant lever in the initial portion of the second ascend
ing series are lower than for the variable lever, even though there
was a strong preference for the variable alternative.

In the later

portion of this series, the constant lever choice latencies are
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Figure 15.

Average latency to the first response of single-alternative
trials as a function of the ratio for the variable lever
for Subject 41 of Group 2. Circles represent latencies
for the constant (right) lever, and triangles represent
latencies for the variable (left) lever. Latencies are
presented in logarithmic units.
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Figure 16.

Average latency to the first response of choice trials
as a function of the ratio for the variable lever for
Subject 41 of Group 2. Circles represent latencies for
the constant (right) lever, and triangles represent la
tencies for the variable (left) lever. Latencies are pre
sented in logarithmic units.
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shorter than the variable lever latencies, but at this point there
is a correspondence with choice proportion data.

In summary, the

latency data from single-alternative trials correlates more highly
with choice proportion than latencies from choice trials for this
subject.

For the subjects in Group 3, the variable ratio alternative
provided three successive deliveries of water vs. one delivery for
the constant ratio.
Figure 17 depicts the choice proportion data from Subject K9.
The shift away from exclusive preference for the variable lever be
gins at FR 14 during the first ascending series and the transition
continues until about FR 21.

At the beginning of the descending

series, there is a higher choice proportion for the variable alter
native at FR 23 than expected, but otherwise, exclusive preference
for the constant lever is maintained until FR 14.

The preference

reversal is complete at FR 20.
The preference reversal for Subject K4 does not begin until
FR 25 and is not complete until FR 40.

The preference transition

during the descending series occurs more quickly, from FR 37 to FR
32.

On the final ascending series, the preference reversal does

not begin until FR 41 but is suddenly complete at FR 42.
Figure 19 summarizes choice proportion data for Subject K6.

It

is unclear whether the preference reversal in the first ascending
series begins at FR 15 or FR 19.

The proportions beyond FR 19
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Figure 17.

The average choice proportion for the variable (left)
lever as a function of its ratio value for Subject K9
in Group 3. Three units of water were delivered for re
sponses on the variable lever vs. one unit for the con
stant lever.
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Figure 18.

The average choice proportion for the variable (left)
lever as a function of its ratio value for Subject K4
in Group 3. Three units of water were delivered for
responses on the variable lever vs. one unit for the
constant lever.
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Figure 19.

The average choice proportion for the variable (left)
lever as a function of its ratio value for Subject K6
in Group 3. Three units of water were delivered for
responses on the variable lever vs. one unit for the
constant lever.
,
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21 22 23 24 25 26

steadily decrease, and exclusivity for the constant lever was reached
at FR 28.

Initial data in the descending series are unexpectedly

closer to indifference than to exclusive preference for the constant
ratio, but exclusive preference reappears at FR 25 and FR 24.
shift in preference occurs between FR 24 and FR 20.

The

The final rever

sal takes place between FR 21 and FR 26 on the last ascending series.
Figure 20 reveals an interesting pattern of "indecision" for
Subject K12.

There is exclusive preference for the variable ratio

until FR 17.

At FR 18 and FR 19, the choice proportion drops below

.8, but then increases above .9 again for FR 20 and FR 21.

Following

this return to exclusive preference for the variable alternative,
there are great fluctuations in preference such that the animal
seems to prefer the constant lever almost exclusively and then pre
fers the variable lever again.

Rather than proceed to exclusive

preference for the constant alternative after this period of seeming
indifference, this subject reestablishes exclusive preference for the
variable lever up to FR 42.
exclusive responding.

Then there is another period of non

But again, instead of continuing on a pre

ference reversal, exclusive responding for the variable ratio is
reestablished.

Finally, at FR 49, the preference reversal occurs.

Several sessions in a decreasing series were conducted but are not
shown here since another preference reversal was not obtained.

These

data confirm that exclusive preference for the constant ratio had
indeed been established.

VJliile the author recognizes the dangers of

anthropomorphizing, this animal gives the impression that he has
trouble making up his mind !
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Figure 20.

The average choice proportion for the variable (left)
lever as a function of its ratio value for Subject K12
in Group 3. Three units of water were delivered for
responses on the variable lever vs. one unit for the
constant lever.
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Figure 21 is the choice proportion summary for Subject K14.
As with several other subjects discussed previously, it is difficult
to assign a starting point to the initial preference reversal, be
cause of a return to exclusive responding following a decrease in
the proportion of choices for the variable alternative.
sal is complete at FR 19.

The rever

In the descending series, there is ex

clusive preference for the constant ratio until FR 2 when a very
sudden reversal occurs.

This is related to this particular subject's

pattern of not responding on the variable ratio single-alternative
trials, which will be discussed later.

The second ascending series

consists of exclusive preference for the variable ratio lever until
FR 21.

The last preference reversal was not completed because the

animal became ill and had to be sacrificed.
Figure 22 presents latencies on single-alternative trials for
Subject K9.

On the first ascending series, latencies for the vari

able lever are shorter than for the constant lever until FR 20.

By

the end of the series, the latencies for the variable lever are
longer than for the constant lever.

This relationship holds for

the initial part of the descending series, but for FR 16 and there
after, the variable lever latencies are the shorter of the two.

Un

fortunately, on the second ascending series, the relationship between
latencies on the two levers is inconsistent.
Choice latencies for this subject are presented in Figure 23.
Although the preferred lever generally has the shorter latency, there
are several points where the relationship is less than clear-cut.
Although most animals completed almost all of the trials, there
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Figure 21.

The average choice proportion for the variable (left)
lever as a function of its ratio value for, Subject K14
in Group 3. Three units of water were delivered for
responses on the variable lever vs. one unit for the
constant lever.
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Figure 22.

Average latency to the first response of single-alternative
trials as a function of the ratio for the variable lever
for Subject K9 of Group 3. Circles represent latencies
for the constant (right) lever, and triangles represent
latencies for the variable (left) lever. Latencies are
presented in logarithmic units.
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Figure 23.

Average latency to the first response of choice trials
as a function of the ratio for the variable lever for
Subject K9 in Group 3. Circles represent latencies for
the constant (right) lever, and triangles represent la
tencies for the variable (left) lever. Latencies are
presented in logarithmic units.
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are two notable exceptions in Group 3.

Subject K6 did not complete

all trials as the first ascending series neared completion, and
Subject K14 began completing only the constant ratio on the single
alternative trials.

Figure 24 presents the mean number of trials

that timed-out without a response having been emitted within the
2-min limited hold, averaged across the last two sessions for a ratio
value.

The number of trials was low until the variable ratio in

creased to FR 22.

There is no difference, for this subject, between

the number of unresponded trials for the variable lever and the con
stant lever.

As Figure 25 shows, the number of choice trials that

passed without a choice was closely related to the single-alternative
trials that timed-out.
A different problem arose with Subject K14 as shown in Figure
26.

As the ratio for the variable lever increased to FR 19, this

subject quit responding on variable ratio trials.

His choice trials

were not affected, as there was exclusive preference for the con
stant ratio.

In the descending series, this subject never made con

tact with the decreasing ratio contingency, until FR 3 and FR 2 when
a few single-alternative variable ratio trials were completed.
preference reversal was almost immediate when this occurred.

The
There

was no further problem of uncompleted trials through the second
ascending series.
A question that this author wanted to address was "what is the
nature of control on choice trials when there is less than exclusive
preference?"

Although much of the data that could have been applied

to this question was lost because of a failure of the computer's data
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Figure 24.

Average number of single-alternative trials that timedout without a response for Subject K6. Triangles repre
sent the number of trials per session for the variable
(left) lever, and circles represent the number for the
constant (right) lever.
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Figure 25.

Average number of choice trials that timed-out without
a response for Subject K14.
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Figure 26.

Average number of single-alternative trials that timedout without a response for Subject K14. Triangles re
present the number of trials per session for the variable
(left) lever, and circles represent the number for the
constant (right) lever.
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storage device, a few data files were available for this purpose.
Table III presents conditional probabilities for combinations of
choice trials and the preceding single-alternative trials for the
subjects in Group 3.

For instance, the first column of probabili

ties labeled

represents the probability of a right choice

p

( Rc | r ) ,

given the preceding single-alternative trial was scheduled for the
right.

The fifth column, labeled

p

( r [l C ) ,

represents the probabil

ity that the preceding trial was a right trial, given that the choice
was for the left.

Both types of conditional probabilities have been

presented to control for unequal proportions of the two types of
single-alternative trial, and for choice proportions that deviated
significantly from .5.

A comparison of Columns 2 and 4 reveals a

similar relationship, e.g., a left choice is more probable following
a right single-alternative trial.

Comparing Columns 5 and 6 and

Columns 7 and 8 confirms the relationship for all subjects.

The

effect is not large but it is consistent within the few sessions
available for this post-hoc analysis.

(Vhile factors such as partial

preference for an alternative and position biases probably influence
the choice response, there seems to be a contribution by the pattern
of switching from lever to lever on the four preceding single
alternative trials.
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Table III.

Conditional probabilities of type of choice, given the
type of preceding single-alternative trial, and condi
tional probabilities of preceding single-alternative
trial, given the type of choice that followed it.
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DISCUSSION

This procedure has a great potential for use as a metric of
reinforcement value.

It has the characteristic, like other psycho

physical procedures, of providing a response probability of near
1.0 for the alternative with the greater value when the alterna
tives are sufficiently different to be discriminable.

There are

still a number of procedural parameters that must be explored, and
several modifications that can be recommended based on the results
of this experiment.
The procedure itself resembles another promising approach to
scaling the efficacy of different reinforcers or of the same rein
forcer under different conditions (e.g., different amounts of rein
forcement, different quality or concentration of reinforcement,
etc.):

the progressive ratio schedule.

The major difference be

tween the current procedure and the progressive ratio procedure is
the presence of a specific alternative response.

In the progressive

ratio design, the ratio is increased until a "breaking point" is
reached.

The specified operant response then ceases to occur due

to the phenomenon of "ratio strain" and whatever non-specific be
havioral alternatives are available to the subject predominate.

In

operant experiments using food, water, sucrose, or electrical brain
stimulation as the reinforcer, the ratio is incremented within the
session, but progressive ratio studies using drugs as reinforcers
have sometimes incremented the ratio after one or more sessions.
87
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With these similarities, it is not surprising that similar parameters
should be studied.

For instance, Uzunoz has pointed out the impor

tance of the method of incrementation.

The present study used a

simple arithmetic progression in which the previous ratio was in
creased by 1.

It may be more appropriate to increase the ratio

geometrically, in accordance with psychophysical laws which govern
the subjects' perception of differences in amounts.

It is likely,

for instance, that an increment of 1 will have a more pronounced
behavioral effect when the previous ratio is FR 1 than when the
ratio is FR 100.
The procedure is very similar to that of Johanson (1975), who
increased the ratio on one alternative by 5 each session while a con
stant ration of 5 was in effect for the alternative.
cedural differences should be pointed out.

Several pro

Monkeys were used in

stead of rats in the Johanson experiments, and different doses of
cocaine were in effect for the alternatives.

The alternatives were

paired with discriminative stimuli whose positions were randomized
on each trial.

Also, all the sampling trials were grouped together

at the beginning of the session, rather than being interspersed
throughout the session.
dividual differences.

Johanson obtained mixed results due to in
For two of the four monkeys, the difference

between drug doses controlled the degree of preference, as well as
the point at which a shift in preference began and the point at
which it was complete.

For instance, in one monkey there was in

difference between two doses which were each .05 mg/kg, until the
variable ratio reached FR 25.

At this point, preference shifted
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toward the constant ratio until there was an exclusive preference
at FR 40.

However, when the variable ratio was associated with a

dose of .5 mg/kg against a dose of .05 mg/kg for the constant ratio,
there was an initial exclusive preference for the higher dose.

This

continued until FR 30, and a preference reversal began that was com
plete at FR 70,

A second animal showed comparable results.

other monkeys, however, did not fit this pattern.

Two

Instead, they

allowed the variable ratio to increase as high as FR 300 without
choosing the constant ratio.

Rather than switching preferences, one

animal ceased responding altogether.

This is similar to results

Lowe reported with the present Group 1, in a second condition with
the constant ratio equal co FR 10.

The variable ratio increased to

a point where the subject made no choices rather than reverse pre
ferences.

In certain subjects, the procedure seems to produce a

"breaking point" rather than a preference reversal.
This procedure had been hoped to provide a precise dependent
variable with which to measure psychophysical properties of rein
forcement.

Snapper (1979) proposed the Just Reinforcing Difference

(JRD) as a measure of the value of reinforcement which could be used
to quantify several dimensions of reinforcement, e.g., magnitude,
frequency, immediacy, quality, etc.

A similar concept has been ad

vanced by Campbell (1955, 1956, 1958) and more recently by Tarpy
(1969).

These authors used the term "Reinforcement Difference Limen"

(RDL) to refer to the smallest change in a reinforcement parameter
that can lead to differential performance.
noticeable learning".

The RDL deals with "just

Tarpy used the RDL with effort of response.
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and defined it as the difference in effort which produces a 75 per
cent preference for the less effortful response.

The RDL was found

to be an increasing function of the effort required on a standard
lever.

Since effort in pressing a lever is conceptually similar to

the number of times the lever must bo pressed, one might expect a
similar relationship in the current procedure.
In order to successfully apply the concept of RDL or JRD to
the present data, the limits of the preference reversal must be
sharply delineated or some standard convention must be adopted.

As

pointed out several times previously, the beginnings and completions
of preference reversals are not always easy to identify from these
data, so that previse quantification is not yet possible.

From visu

al inspection of the data, it seems that the beginning point of the
preference reversal is shifted to the right when there is more rein
forcement for the variable ratio.

This shift is more noticeable

between Groups 1 and 2 than between Groups 2 and 3.

The difference

in ratios required for complete preference reversal ( /^R) is less
for Group 1 than for either of the other groups.
no consistent change in

There seems to be

A R between the first, second, and third

preference reversals within a condition, not is there a consistent
change in the starting ratio for reversal between the two ascending

Several modifications of the current procedure may prove use
ful.

The number of choice trials in a session should be increased,

even if this means decreasing the number of single-alternative trials.
This would result in less variability in choice proportions as well
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as choice latencies.

If several choice trials followed a block of

single-alternative trials, the tendency to alternate would be mini
mized for all but the first choice trial.

The current method of

incrementing the ratio by one is unnecessary, tedious, and costly in
terms of experimenter time and energy.
quickly using a larger increment.

Data can be obtained more

It might be useful to increase

the ratio by large amounts at first, and then adjust the increment
size do^mward on subsequent reversals until the limits of the prefer
ence reversal are precisely defined.

Geometric increments might also

be more approriate than arithmetic increments for reasons previously
cited.

The current method of pairing the constant and variable ratio

requirements with particular lever positions does nothing to control
for position biases.

It would be more appropriate to require the

animals to track a visual stimulus whose position is randomized from
trial to trial.

This should be no problem with pigeons which have

excellent color vision, but it can be a problem for rats, even with
non-color attributes of the visual stimulus.

Special training pro

cedures may be necessary to establish and maintain this visual track
ing in rats.

It is recommended that each ratio series be run several

steps beyond exclusive preference.

Failure to do so results in non

exclusive data at the beginning of the next series.

The problem of

failure to complete trials must be dealt with in some animals.

This

might be accomplished by eliminating the limited-hold requirement
which initiates an ITI and continues with the session; the trial
could simply remain active until it is completed or a session timer
times out.

Another modification that would ensure that the subject
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was prepared to respond is to allow the subject to initiate the
trial by a response to a separate manipulandum.

This might also

ensure that the subject had not simply positioned himself in front
of his favorite lever, and would facilitate stimulus control by forc
ing observation of the prevailing stimulus conditions before the
trial itself starts.
The procedure is promising, and parametric research will help
to make it more viable.

It is hoped that this procedure, or modi

fications thereof, can make an important contribution to experiment
al psychology by providing a measurement of the psychophysical pro
perties of reinforcement, such as the JRD or RDL.
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